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(57)Abstract: 

PURPOSE: To provide a porous ceramic honeycomb filter being suitable for removing fine 
particles in exhaust gas from a diesel engine, with a long collecting time and with a small number 
of time of regenerations. 

CONSTITUTION: Porosity of a porous ceramic honeycomb filter is 45-60% and a relation 
between the specific surface area (Mm2/g) of the whole fine pores opened and penetrated from 
the surface to the inside and the surface roughness (N|im) on the surface of the filter is in a 
range of 1,000M+85N>530. The thermal expansion coefficient of this filter in the flow path 
direction at 40-800-° cis made smaller than 0.5 x 10-6/° C. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1 ] In the porosity ceramic honeycomb filter used in order to divide into a gaseous phase and solid phase the 
mixed phase which consists of solid phase and a gaseous phase The porosity is 60% or less 45% or more, the pore 
volume of 100 micrometers or more of the aperture is 1 0% or less of total pore volume, and it goes to the interior from 
the front face. The specific surface area of opening and all the pores to penetrate (Mm2/g), The porosity ceramic 
honeycomb filter which there is relation to the range of 1000M+85N>=530 with the surface roughness (Nmum) in the 
filter front face, and is characterized by the coefficient of thermal expansion of 40-800 degrees C of the direction of 
passage being smaller than 0.5x1 0-6/degree C. 

[Claim 2] The porosity ceramic honeycomb filter characterized by the number of the pores which carry out opening to 
the front face being two or more [ 1000 //mm ] in the porosity ceramic honeycomb filter shown by claim 1 . 
[Claim 3] The porosity ceramic honeycomb filter characterized by the area of the pore which carries out opening to the 
front face being 15% or more of the area on the front face of a filter in the porosity ceramic honeycomb filter shown by 
claim 1. 

[Claim 4] The porosity ceramic honeycomb filter characterized by the average pore size being 40 micrometers or less in 
the porosity ceramic honeycomb filter shown by claim 1 . 

[Claim 5] The porosity ceramic honeycomb filter characterized by the pore volume of 40 micrometers or less of the 
aperture being 60% or more of total pore volume in the porosity ceramic honeycomb filter shown by claim 1 . 
[Claim 6] The porosity ceramic honeycomb filter characterized by the quality of the material being the quality of 
cordierite in the porosity ceramic honeycomb filter shown by claim 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a suitable porosity ceramic filter and its suitable manufacture approach 

to remove the particle (soot) contained in the exhaust gas of a diesel power plant. 

[0002] 

[Description of the Prior Art] The porosity ceramic honeycomb filter which consists of cordierite is effective as a filter 
which is excellent in thermal resistance compared with other ingredients, and is used especially at an elevated 
temperature. For example, it is used as a filter which carries out uptake of the particle which exists in the exhaust gas of 
the car which carries a diesel power plant. 

[0003] Three, the collection efficiency of a particle (soot), uptake time amount, and pressure loss, are one of those 
which are made important about the property of a porosity ceramic honeycomb filter. Especially, uptake time amount is 
the time amount which is below constant-pressure loss and can carry out uptake of the soot, and is desirable. [ of the 
longer one ] One with desirable extending uptake time amount is because the count which reproduces a filter by 
combustion can become fewer and degradation of a filter can be suppressed. 

[0004] Although it is an easy thing to make uptake time amount extend by opening many atmospheric-air holes in the 
wall which forms a filter, and reducing pressure loss, since collection efficiency falls, it is not desirable to open the 
atmospheric-air hole which the wall of a filter has. In order to make this uptake engine performance improve, the 
technique which controls the ratio of the stoma that aperture of whose is 5-40 micrometers, and a 40-100-micrometer 
osculum 5 to 40 times about the pore which carries out opening to a filter front face is indicated by JP,61-129015,A. 
However, since it not only becomes cost quantity, but [ since it is necessary to add a firing agent in order to control 
surface pore by this technique, ] an improvement which suppresses the rise of pressure loss is not made, the load to an 
engine becomes large. 

[0005] Moreover, the technique in which the whole particle (3% or less and 45 micrometers or less) performs pore 
control, and improves the uptake engine performance when a particle 1 50 micrometers or more makes the talc in a 
cordierite-ized raw material and grain size of a silica 25% or less of the whole by weight % by weight % is indicated by 
JP,3-284313,A. However, with this technique, in order to improve the uptake engine performance, talc and not only a 
silica but the kaolin and alumina which are other main raw materials were using the coarse grain raw material. It was 
possible to have improved the uptake engine performance (uptake time amount) by controlling the particle size 
distribution of talc and a silica raw material, after using a kaolin with a coarse grain size and an alumina raw material. 
However, since the kaolin and the alumina were also using the coarse grain raw material, there was a fault that the 
reactivity at the time of the cordierite formation in a baking process worsened, and the coefficient of thermal expansion 
of a honeycomb structure object became high. 

[0006] Although the technique of having suppressed pressure loss and lengthening uptake time amount by furthermore 
forming a well hole in a filter septum at JP,58-70814,A was indicated, although surely uptake time amount became 
long, with this technique, collection efficiency fell remarkably. 
[0007] 

[Problem(s) to be Solved by the Invention] In such a conventional porosity ceramic honeycomb filter, if it is going to 
acquire high collection efficiency, the rise of the pressure loss by soot uptake will take place early. That is, the time 
amount (uptake time amount) which can use a filter, maintaining pressure loss below at practical use level becomes 
short. Therefore, when attaching such a filter in the exhaust gas network of a car which carries a diesel power plant, it 
was difficult to use such a filter under the conditions which reproduce a filter once per day. Moreover, degradation of a 
filter and an erosion happen partially and make the engine performance as a filter fall remarkably, when the count of 
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playback of a filter increases. 
[0008] The purpose of this invention has long uptake time amount, and the count of playback is to offer the porosity 
ceramic honeycomb filter for which there are and it is sufficient. [ few ] Moreover, another purpose of this invention is 
to offer the porosity ceramic filter which improved the thermal shock resistance under elevated-temperature use (it is 
dependent on coefficient of thermal expansion), and the two properties of the uptake engine performance to 
coincidence. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the porosity ceramic 
honeycomb filter of this invention In the porosity ceramic honeycomb filter used in order to divide into a gaseous phase 
and solid phase the mixed phase which consists of solid phase and a gaseous phase The porosity is 60% or less 45% or 
more, the pore volume of 100 micrometers or more of the aperture is 10% or less of total pore volume, and it goes to the 
interior from the front face. The specific surface area of opening and all the pores to penetrate (Mm2/g), There is 
relation to the range of 1000M+85N>=530 with the surface roughness (Nmum) in the filter front face, and it is 
characterized by the coefficient of thermal expansion of 40-800 degrees C of the direction of passage being smaller than 
0.5x1 0-6/degree C. Here, "specific surface area of pore" means the surface area of the pore of the porosity honeycomb 
structure object per unit weight. Lock out pore is not included including the area of the pore which exists in a 
honeycomb wall surface. [0010] ** In the above-mentioned porosity ceramic filter, it is characterized by the coefficient 
of thermal expansion of 40-800 degrees C of the direction of passage being smaller than 0.5x1 0-6/degree C. 
** The number of the pores which carry out opening to the front face in the above-mentioned porosity ceramic 
honeycomb filter is 2 1000 pieces/mm. It is characterized by being above. 

** In the above-mentioned porosity ceramic honeycomb filter, it is characterized by the area of the pore which carries 
out opening to the front face being 15% or more of the area on the front face of a filter. 

[001 1] ** In the above-mentioned porosity ceramic honeycomb filter, it is characterized by the average pore size being 
40 micrometers or less. 

** In the above-mentioned porosity ceramic honeycomb filter, it is characterized by the pore volume of 100 
micrometers or more of the aperture being 10% or less of total pore volume. 

** In the above-mentioned porosity ceramic honeycomb filter, it is characterized by the pore volume of 40 micrometers 
or less of the aperture being 60% or more of total pore volume. 

[0012] ** In the above-mentioned porosity ceramic honeycomb filter, it is characterized by the quality of the material 
being the quality of cordierite. The filter with which are satisfied of the conditions of the use in a real vehicle can be 
obtained by extending uptake time amount rather than the filter by the conventional technique, maintaining the 
collection efficiency of a porosity ceramic filter to 90% or more. As the concrete approach, in order to extend uptake 
time amount, it found out that the porosity ceramic filter which made the number of the penetrated pores which carried 
out the chain which controls the rise of pressure loss increase from the area (for it to be called effective filter area 
below) which carries out uptake of the soot to a ceramic filter front face, and a filter front face to the interior was 
effective. 

[0013] As a result of various experiments, when it was going to acquire 1 .5 times as much uptake time amount as the 
filter created by the conventional technique, specifically, it found out that it was required to fill the relation of 
1000M+85N>=530 toward the interior between opening and the specific surface area (M) of all the pores to penetrate, 
and the surface roughness on the front face of a filter (N) from a front face. The increment in the chain hole inside a 
filter is acquired by the increment in the pore specific surface area of the pore which exists in the front face and interior. 
That is, when it is the same pore volume, the number of pores will increase that the surface area increases. And the 
probability for pores to contact because the number of holes increases becomes high, and it is easy coming to also 
follow chain nature on it. In order to make the pore surface area of the pore which exists in a filter increase, it is 
effective to make a talc raw material into a particle and to open many stomata. 

[0014] It is thought from the mechanism that on the other hand uptake of the soot discharged from a diesel power plant 
is carried out on the surface of a filter that the increment in effective filter area is an increment in the uptake area on the 
front face of a filter. In order to make effective filter area increase, it is effective to make surface roughness coarse and 
to make uptake area increase. It is effective to use a silica raw material as coarse grain, for making coarse surface 
roughness on the front face of a filter. 

[001 5] Although it is possible for also making the pore specific surface area in a filter and surface roughness increase 
independently to improve the uptake engine performance, it becomes a still better improvement that both M and N make 
it increase, filling the relation of 1000M+85N>=530 between pore specific surface area (M) and the surface roughness 
on the front face of a filter (N). As a pore formation raw material, talc and a silica can be considered as a large thing of 
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especially the contribution of pore formation. It became possible for the mean panrcle diameter of these two raw 
materials to fill the relation of >= (mean particle diameter of 2x silica) (mean particle diameter of talc), and for the mean 
particle diameter of talc to be satisfied with using the raw material system whose mean particle diameter of 40- 
micrometer or less silica is 80 micrometers or less of the relation of 1000M+85N>=530, and to extend uptake time 
amount. 

[0016] As a combination of the grain size of talc and a silica, as shown in drawing 1 , the following common cases can 
be considered. Although a result whose pore specific surface area (M) the pore which many stomata will exist uniformly 
since the effectiveness of particle shape does not show up in both raw materials since both grain size of talc and a silica 
is fine in the case of a case 1 , but a raw material distributes to homogeneity, and carries out a chain increases, and 
increases is brought, however since the particle is fine, an increment in surface roughness (N) cannot be desired. 
[0017] In the case of a case 2, since grain size is fine, the effectiveness of particle shape does not show up but talc is 
distributed to homogeneity. Moreover, effectiveness (coarse particles gather near the center of a rib) of the configuration 
received although it is coarse and coarse since the particle itself is spherical therefore cannot show up easily, and the 
silica is also distributing this to homogeneity. Therefore, the coarse silica located in a front face increases surface 
roughness (N), and fine talc makes a stoma increase on the whole, pore specific surface area (M) is made increased, and 
it is the best. 

[001 8] In the case of a case 3, since a silica raw material is fine, it is distributed to homogeneity. However, a talc raw 
material is an assembly and a cone to a part for a rib core that the effectiveness of particle shape tends to show up since 
it is coarse and stratified. Therefore, an increment in surface roughness (N) cannot be desired that coarse particles 
cannot gather in a filter front face easily. Moreover, since many coarse particles will exist also in the center of filter 
section and an osculum will arise, pore specific surface area (M) decreases and the chain nature of pore also worsens in 
connection with it. 

[0019] In the case of a case 4, since talc and a silica raw material are coarse, talc will be distributed centering on a rib 
and, on the whole, an assembly and a silica will distribute them to homogeneity. Therefore, by the coarse silica particle 
which exists in a filter front face, although surface roughness (N) increases, since the particle is coarse on the whole, 
only an osculum is produced, but pore specific surface area (M) decreases and worsens about chain nature in connection 
with it. 
[0020] 

[Function and Effect(s) of the Invention] According to this invention, by making the number of the penetrated pores 
which carried out the chain from the effective filter area and the filter front face of a ceramic filter to the interior 
increase, uptake time amount is longer than the conventional technique, and few honeycomb filters which are a count of 
playback are obtained. 
[0021] 

[Example] Hereafter, the example of this invention is described. The porosity ceramic filter by this invention is the 
following, and is made and manufactured. First, Si02 centering on the point forming [ cordierite theoretical ] : 42 - 56 
% of the weight, aluminum 203 : So that it may become a field (30 - 45 % of the weight, and MgO:12-16 % of the 
weight) Talc, A kaolin, an alumina, a silica, and other cordierite-ized raw materials are prepared. Ostomy agents, such 
as graphite, are added to this mixture zero to 50% of the weight, solvents, such as shaping assistants, such as a methyl 
cellulose and a surfactant, water, and alcohol, are added further, mixed kneading is carried out, and it considers as a 
honeycomb structure object by extrusion molding. On the other hand, an edge and an another side edge are blockaded 
by turns (1000 nyctalopia **** stop), and the ceramic filter of the backward and the through tube which calcinated this 
honeycomb structure object at the temperature to which a cordierite-ized reaction may advance enough which is 
predetermined is obtained. 

[0022] Further, an example is given and the example of this invention is explained. The cordierite-ized raw material of 
various grain size as shown in Table 1 as an illustration sample of this invention was prepared. Kneading mixing of 
these was carried out, and it fabricated to rib thickness: 0.45mm and size:l 18phimmxl52Lmm, and considered as the 
ceramic filter. About these ceramic filters, porosity, pore distribution, and measurement of pore specific surface area 
were performed with the method of mercury penetration. Moreover, surface roughness was measured with the contact 
process. About surface opening pore, it analyzed using the image processing system. Furthermore, measurement of 
collection efficiency and pressure loss was performed as a filter shape. 

[0023] The result is shown in Table 1 and 2. Sample numbers 1-8 were made into the example of a comparison among 
Table 1, and 9-17 were made into the example of this invention. The property of the sample numbers 1-17 in Table 1 is 
shown in Table 2. Measurement of the uptake time amount in Table 2 was performed by measuring time amount until 
the value of pressure loss rises to 1.6x103 mmH2 O. The measurement result of pressure loss is shown in d raw ing 2 . In 
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addition, since collection efficiency is low about sample numbers 3 and 4, it is noWlustrated. 

[0024] 

[Table 1] 
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[0025] 
[Table 2] 
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[0026] In order to reduce pressure loss, when grain size, such as talc and a silica, is enlarged too much like the sample 
numbers 3 and 4 in Table 2, since the pore beyond aperture: lOOmicrometer increases and collection efficiency falls 
sharply, the use range is limited in real use. From a viewpoint of collection-efficiency maintenance to as mentioned 
above, an aperture: In order to stop the rate of pore 100 micrometers or more to 10% or less, it is desirable to set 
especially use silica grain size to 80 micrometers or less. 

[0027] The result of having plotted the uptake time amount of the sample numbers 5-17 in Table 2 to pore specific 
surface area (M:m2 / g) and surface roughness (N:micrometer) is shown in drawjngJ3 . A white round head shows 
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sample numbers 5-8, and a black dot shows sample numbers 9-17. Moreover, th^^ure beside data shows a sample 
number and the figure in a parenthesis shows uptake time amount (minute). It depends for uptake time amount to pore 
specific surface area (M) and surface roughness (N) strongly so that more clearly than drawing. From it being the need, 
at least 1 .5 times as many uptake time amount as this in real use to the conventional silica article which is not used 
[ which was shown in the sample number 5 as an example of a comparison ] sample numbers 8, 9, and 1 1 (uptake time 
amount is near 1.5 times of elegance conventionally) — 1000M+85N>=530 ~ relation was obtained and it became clear 
that the filter which has the pore specific surface area (M) which fills this relation, and surface roughness (N) was 
excellent in uptake time amount. Such long uptake time amount is acquired that a 1000M+85N value is generally large 
as shown in the sample numbers 9-17 in Table 2. 

[0028] On the other hand, the number of surface opening pores is 2 1000 pieces/mm like a sample number 10. If it 
becomes the following, the permeability in an uptake side will decrease, and uptake time amount is shortened to the 
thing (sample number 13) of this level by the value which is 1000M+85N. Moreover, if the rate of a stoma 40 
micrometers or less becomes low with 60% like a sample number 14, uptake time amount will be shortened by the 
1000M+85N value to the thing (sample number 15) of this level. As mentioned above, in uptake time amount extension, 
it is so desirable that there are many stomata 40 micrometers or less and there are more many surface opening pores (or 
rate of area). 

[0029] The manufacture approach of a filter of having the property of filling unrelated relation is as follows 1000M+85- 
N>=530. The target filter is obtained by control of pore specific surface area (M) and surface roughness (N) being 
possible, and using the talc of the grain size of the 2 double less or equal especially to use silica grain size by talc and 
the silica, among use raw materials. 

[0030] Like the sample number 17 in Table 2, when talc grain size and silica grain size are small, since the number of 
stomata increases and chain nature becomes good, the value of pore specific surface area (M) is improved greatly, and 
they can attain extension of uptake time amount. Like the sample number 14 in Table 2, the value of surface roughness 
(N) is greatly improved by big surface open pore formation by the silica with a big grain size, and talc grain size and 
silica grain size can attain extension of uptake time amount, when [ comparison ] large. 

[0031] Like the sample number 13 in Table 2, small, when silica grain size is enlarged, while the value of pore specific 
surface area (M) is greatly improved in it because chain nature becomes good because talc with a small grain size 
distributes uniformly in a rib, the value of surface roughness (N) is greatly improved by big surface open pore formation 
of a silica with a big grain size, and uptake time amount can extend talc grain size greatly. 

[0032] When talc grain size becomes larger [ silica grain size ] than twice like the sample numbers 6, 7, and 8 in Table 
2, Talc is stratified when silica grain size is more greatly made smaller especially for talc grain size. Since the silica with 
a small grain size cannot form a big surface open pore, the value of surface roughness (N) also falls, at the same time the 
value of pore specific surface area (M) falls because the increase of an osculum blockaded by gathering in the interior of 
a rib and chain nature worsen, since it is extrusion molding when grain size is large. For this reason, the extended 
effectiveness of uptake time amount is thin. Especially about talc, an internal lock out hole can be decreased as 
compared with surface pore by setting grain size to 40 micrometers or less. 

[0033] as mentioned above, the thing for which the talc of the grain size of the 2 double less or equal is used to use 
silica grain size ~ 1000M+85N>=530 — the filter which has the pore specific surface area (M) which fills relation, and 
surface roughness (N) is obtained, and this is the outstanding filter of 1 .5 or more times of the former [ time amount / 
uptake ]. Moreover, low- fever expansion-ization of a filter is important in order to raise thermal shock resistance. When 
the coefficient of thermal expansion of a filter is too large, it is because problems, such as crack initiation, will be 
caused by the temperature gradient in the filter by particle combustion at the time of filter playback and the life of a 
filter will be shortened. 

[0034] In this invention, by using the particle possible kaolin and an alumina raw material, reactivity at the time of 
cordierite formation was improved, and the coefficient of thermal expansion was made low. By considering as less than 
[ kaolin: Smicrometer ] and less than [ alumina:2micrometer ] among the raw materials specifically used at the time of 
manufacture as shown in Table 1 , as shown in Table 2, the coefficient of thermal expansion was able to be made into 
less than [ 0.5x1 0-6/degree C ]. Moreover, although it is [ some ] by making a kaolin and an alumina raw material into a 
particle, a stoma will be opened into a filter septum and the free passage nature of the pore of a filter will also improve. 
Furthermore, the raw material grain size of talc and a silica was adjusted on it, and the uptake engine performance 
(uptake time amount) has been improved. 

[0035] Moreover, in order to secure porosity (45%), a certain amount of thing to do for the amount use of the ostomy 
agent is desirable. 
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